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Fundamentals of Radio Tubes 


RECTIFIER CIRCUITS 


This lesson begins your study of 
the radio tube as it is popularly 
known. All of your study in the pre¬ 
ceding ten lessons has been pointed to 
this main objective. By means of 
tubes all of the basic concepts of your 
previous studies are put to work and 
made to have form. 

You have learned of electrons 
which we believe to make up one 
of the basic charges of electricity; 
these under dynamic pressure consti¬ 
tuting a flow of electrical current and 
the path over which they move pre¬ 
senting a certain amount of resistance. 
These studies have established con¬ 
crete definitions of voltage, current 
.and resistance. 


Added to these basic concepts, are 
the ideas of electrostatic and electro¬ 
magnetic lines of force, which 
evidences of the two basic forms 
electricity; namely, direct current and 
alternating current. 

The quantities voltage, current and 
power are the units by which we 
measure and control electricity. These 
are made to act on circuits consisting 
of capacity, inductance and resistance 
which, among other things, gives 
the terms of reactance, impedance and 
resonance, all of which have 
given detailed treatment in previous- 
lessons. ' 

Most, if not all, of the 
principles in one form 





lave been known by scientists for 100,000 
evelopment quencies. 



m » ——*»-*«000 cyefes) tir#ftlible I§w fre- 
several centuries. The development quencies. This being proven beyond 
and expansion of these principles has doubt, the search pointed toward the 
been, slow -indeed as measured by on<f" discovery of a device which would be 
mans span of life. This has been sehsitive effough to change very weak 
due. no doubt, to laclcpf fast en- . high frequency signals to low fre- 
munication between contempoiary qu*ncy*signals, and in that way, ulti- 
investigators and because the discov- % mately permit the human ear to hear 
cry of Ofle or more basic concepts was sound pressure waves of a frequency 
so closely Kicked with others yet tew suitable for the human ear. The re- 
be discovered and^ formulated. As a suit of early investigations was the 
consequence, events moved slowly development and perfection of a radio 


until about the year 19^0,when the 
pace accelerated and has continued in 
incroSun^fempo since. 

In the search for a means of effi¬ 
ciently transmitting and receiving in¬ 
telligence oyer gfeat distances by 
"leans of wireless or radio, scientists 
■e more or less up against a blank 
ILubtil the principles of the radio 
e were discovered and put to 
work. The great need was for 


tube consisting of two elements 
known as a filament and a plate. 
Today, we recognize and know this 
to be a diode tube, which means a 
radio tube consisting of two elements 
—but more about this later. 

A Return to the Electron 

You have learned that all forms of 
matter (solids, liquids and gases) are 
made up of molecules, atoms and 


device Which wouldpro- electrons. The electrons together with 



sensitivity. rectification (chang¬ 
ing A.C. to Ei.C.i), and the suit¬ 
able generation of electrical power in 
a form which resistance, inductance 
and capacity could handle effi¬ 
ciently. The gradual development (a 
span of 50 years) of the radio tube 
hast* made all of this possible—is 
what makes possible the broad field 
of'radio as we know it today. 

Past history of events leading up 
to present-day radio standards would 
fill many vplumns. Since even a por¬ 
tion of the past history cannot be 
given here, and since busy practical 
radio men have no need of historical 
data, we will not even attempt to go 
into past history except to mention 
one or two comparatively recent out¬ 
standing events which have special 
significance. 

The Need for a Radio Tube 
Established 

To give our story direction, it may 
be said the efforts of early investi¬ 
gators were directed toward some 
means of changing high frequency 
radio signals ( any frequency above 


the nucleus make up the atom; the 
atom or atoms, in turn, make up the 
molecules and the number and ar¬ 
rangement of the atoms aqd mole¬ 
cules make up all known substances. 
The atom is supposed to consist 
of a central mass, called the nucleus, 
around which are grouped several 
layers of electrons; the exact number 
depending on the type of atom. The 
nucleus has an inherent positive 
charge and the electrons, regardless 
of the number of them grouped 
around a nucleus to form an atom, 
all have an inherent negative charge. 
The electrons revolve about the nu¬ 
cleus in well defined orbits. Although 
the atom as a unit is made up of two 
inherent opposite charges of elec¬ 
tricity, the electrical effect of it is 
not apparent external to the atom be¬ 
cause the amount of positive charge 
just balances the negative charge. 

_ Some of the electrons on the outer 
fringe of the atom may be caused to 
leave the influence of the positive 
nucleus when proper force is applied 
to the atom. These removable elec¬ 
trons are known as free electrons „ 
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There are three ways in g a e B ill 
which elections may be forced t® 
leave a conductor. These are: (1) by 
applying beat to raise the tempera¬ 
ture of the conductor; (2) by photo¬ 
electric effect wherein light ravs will 
release electrons from certain sensitive 
materials; (3) bypeihg knocked oSS? 
of the conductor ,by impa^c^p^l 
by other electrons bombarding tnH 
conductor: This release of electron? 
from a conductor is-called electron 
emission. From a radio tube vi&y, 
point, the emission of electrons-By 
heat is the most practical, a»d is thee 
method most generally employed. 5 
Thus the word thermionic emission 
is in common us—the word thermo 
referring to heat and ionic to elec¬ 
trons (in a broad sense) . 

Radio tubes are, therefore, often 
referred to as thermionic tubes. An¬ 
other term often employed is elec- 


Other electrons located near and those 
contained in the nucleus are more 
tightly bound to it and are thus 
known as bound electrons. It re¬ 
quires a tremendous force to remove 
one or more of the bound electrons 
'from the influence of the nucleus. In 
radio, we are not interested so much 
in the bound electrons but rather in 
the free electrons, because the drift 
of these from atom to atom makes 
up what we identify as the flow of 
electricity. 

Some materials have more free 
electrons than others, and we can 
cause them to drift from atom to 
atom much easier than is the case 
with certain other materials. Exam¬ 


ples of such materials are silver, cop¬ 
per, aluminum, etc. This refers, of 
course, to the materials used as elec¬ 
trical conductors wherein a source of 
voltage is connected to them and this, 
in turn, causes a flow of electron 
current. 

Electron Current 
A flow of electron current means 
that free electrons have been released 
from the influence of the atoms with 
which they were originally associated. 
So far in your S. A. R. course you 
have been taught to think of dy¬ 
namically moving electrons as those 




'be word “thermionic” 
^neiallys in' a -technical 
sense wim electronic” Weis to the 
broad field of industrial and. radio 
applications for tubes. Radio .$P§|ust 
one branch of a much ’ hrger^ield ^ 
known as electronics. 


■Vacuum Necessary 
Nothing particularly useful An 
. accomplished’fey fnerely causing elec¬ 
trons to to emitted fro® a conductor 
mordinaryopen air. Tb be sure, such 
‘'-^4 ming rtay be accomplished, but no 
useful work Is done. To be useful, 
, 5 | 4 bete must be some-method of con- 
over the elferans once they are 
^fcwileased- from a conductor. 

, Let us see'^wby this is true. Alt 
'%.gwtter that is. solids, licfvdds-md 
■■ gases are themselves made up of mole- 

cule$ v atomir anH electrons. The com- 
flfPPsMr we %reath is a gas made up 
f nitrogen .(78.03%) ^4 pxygen 
(20.99%) and five inert gases of 
approximately .98^%, These are 
AtgO«te«^Kjp» Helium. Krypton and 
X&on. Now, if in ordinary air elec¬ 
trons ar^forcibly emitted frain a eon- 
^^PlctdL t&y-.will collide with the 
alpms and molecules of the gases 
RKfe^. which make up air, perhaps upsetting 
—*■ ■" 'their electrical-balance temporarily. 

Very quickly, however, electrical bal¬ 
ance will be restored, and either those 
electrons emitted or others nearby 
will be attracted to the emitter to re¬ 
store balance. In other words, in open 
air there are no nearby positive 
. -t, charges to attract free electrons and, 

B : as a consequence, the electrons return 

to the emitter because having lost 
electrons it is the only nearby posi¬ 
tive charge existing to attract free 
,\ electrons. Thus it can be assumed 

<t : that in open air any emitted electrons 

are immediately returned to the 
' emitter and no useful purpose has 
been served. 

* At this point it is well to remem¬ 

ber that an electron is inherently 
charged negative and will be attracted 
' to any nearby positive charge if at 
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the%ame time: its own atomic attrac¬ 
tion is jiot too great. Thus, if no 
such" positive charge exists to attract 
wilt. not move from the atom 1 
with which it happens to he asso¬ 
ci ated^ The application of voltage , 
wll cause free electrons to move in a r j 
conductor and the application of heat = 
to certain sensitive conductors will- 
cause them to emit electrons. It is 
important to. understand here that it 
is heat alone that causes the emission 
of electrons—the kind of heat is not 
important as far as the production of 
emitted electrons is concerned. Any 
kind of heat that will raise the tem¬ 
perature of a given conductor high 
enough will do just as well as any 
type of heat. It becomes then a ques¬ 
tion of supplying heat in the most 
efficient and convenient form. Heat¬ 
ing a conductor by causing electricity 
to flow through it is the common . 
accepted method of supplying heat 
to bring about the emission of elec¬ 
trons. We will go into detail about 
this further on in this lesson. 

You have seen how the mere ernis- - 
sion of electrons alone is not very : 
useful. The problem then is to find 
a means of using the electrons after 
they are emitted. Thomas A. Edison, 
in the early days of his experimenta¬ 
tion (1883) with the incandescent • 
light bulb, discovered a means of us- m 
ing and controlling emitted electrons ; 
from a hot surface. He used a sealed - 
glass bulb from which most of the 
air atoms and molecules had been 
removed by means of a suction pump. 
In other words, he was employing a 
near vacuum (absence of air and oth¬ 
er gases) in his light bulb. With a 
vacuum there are few gas atoms and - 
molecules for the emitted electrons to 
encounter. Thus they are free to leave 
the emitter (within limits) in all di¬ 
rections. Edison’s investigations 
showed that early failures of his light 
bulb were due to the positive leg of ; 
the conductor burning in two and so 
ending the life of the bulb. This was 
due to the positive leg of the con- ( 
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fp has two useful elemn^ 

In the modern tube. dje efliiaMtnr 
cathode may be a tube f&sgpEsI < a 
special type of ribbon 
separate cathode element 
ployed wherein a filament iifepeto 
heat the cathode indirectly. Alt of 
this will be brought out in j:andnl 
detail later on. S> . 

Modern tubes employ filaments 
which arc "sealed in a vacuum Sside 
the envelope of llife tube. See Fu 1. 
The first tube eJlelopes were dD 
of glass. These resemble the 
envelope of the familiar incandescent 
or electric lamp. More recently it has 
become the practice to use metal en-, 
velopes instead of. glass—-we will 
turn to tube envelopes, filaments and 
cathodes later. For the present consid-^ 
er the fundamental “Edison effect."* 

The things which Edison noted 
were these: 

(1) If a current meter was con¬ 
nected between the plate and the posi¬ 
tive side of the filament (outside of 
the glass envelope), a current flowed 
through' the meter when the filament 
was lighted. Figure 2 shows the cir¬ 
cuit. Note that there is no direct me- 
talic contact within the tube between 
the plate and filament. 

(2) If a battery was connected in 
series with the meter and the circuit 
arranged as shown in Fig. 3, the 
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ductor within the lamp attracting 
free electrons. More investigation by 
Edison resulted in placing an extra 
metal element within his glass bulb 
which was made positive by an ex¬ 
ternal connection. Tests showed that 
a current flow was established within 
the bulb from the emitter to the extra 
element despite the fact that consider¬ 
able space existed between them. 
Thus for the first time was demon¬ 
strated the basic principle of our 
modern radio tubes. Edison in his 
zeal for the perfection of a satisfac¬ 
tory electric light made no use of this 
discovery but did record it in his 
notebook. It remained for others to 
investigate and make this discovery 
Useful. 

The Discovery of the 
Diode Tube 

Dr. J. A. Fleming of England, in 
his search for a suitable rectifier or 
detector for high frequency wireless 
signals, investigated the “Edison ef¬ 
fect” and eventually worked out a 
device which gave the results he 
wanted. He used a sealed and evac¬ 
uated glass bulb containing an elec¬ 
tron emitter and a small metal ele¬ 
ment. This was called a valve, and 
today radio tubes in Europe and 
other parts of the world are called 
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converting direct current into 
alternating current of any 
frequency. 

Rectifier Tube Principles 

In the modern A.C. operated radio 
set there is a definite need for a recti¬ 
fier tube. These are available in sev¬ 
eral types. In general, they may be 
divided in two classes. (1) The type 
which rectifies one half of an A.C. 
cycle. These are called half wave rec¬ 
tifiers. (2) The type which rectifies 
both halves of the A.C. cycle. These 
are called full wave rectifiers. The 
word “rectifier” in radio means a 
device which will change alternating 
current into semi-direct or direct cur¬ 
rent. In addition, as you will , learn 
later, filters are used to smooth the 
rectified current to where it is essen¬ 
tially a direct current. 

The characteristics of radio tubes 
are such that they require high volt¬ 
age direct current for their operation. 
The usual voltage of power lines 
with which our homes are wired 
varies from 110 to 125 volts. Radio 
tubes, on the other hand, require up 
to 300 volts D.C. and higher. Thus 
the voltage must not only be in- 


'E&rrent flowing in the circuit was 
■much higher, than before. 

. (.3) If the plate battery polarity 

wafc reversed as shown in Fig. 4, no 
v current flowed through the meter. 

Two year$„after Fleming first ap¬ 
plied. his vacuum tube for use as a 
^detector, another inventor, Dr. Lee 
T>eForest. introduced another elec¬ 
trode of metal between the filament 
and ihe plate. This extra electrode is 
^called a grid. See Fig. '5 s : Note the 
difference between this and Fig. 2, 
irr Which only the plate-and filament 
are shown. This new type of vacuum 
tube wag found to be superior for de¬ 
fecting weak signals. Later it was 
found that it could also be used to 
amplify (strengthen) weak signals. 
In a succeeding lesson you will take 
up the study of the grid and the am¬ 
plifying action of a tube. This lesson 
will be confined to the study of diode 
and rectifier tubes. 

The essenital uses of. vacuum tubes 
today may be classified into four 
main groups. 

(1) 'To serve as rectifiers for the 
purpose of converting alter¬ 
nating current to semi-direct 
current. 

(2) To serve as detectors for sep¬ 
arating signals which are 
composed of a combination 
of several frequencies. 

(3) To serve as amplifiers of 
weak signals of any fre¬ 
quency. 

(4) To serve as generators (oscil¬ 
lators) for the purpose of 
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froa «0 &C. As yon will 

tears later a power transformer Tube 

used to increase the voltage to the re- electron cr* **.: rr. ~t: pure 

quired value. A rectifier tube then tungsten, 

changes the high voltage item A.C. metals coated 3 : t - : —earth 

to D.C. Thus it shout'dbefgj^g, jfear oxides. Tungsttir^ ; -. - rr.preg- 
every other tube in the radio set is nated with thor» . - earthy 

dependent on the rectifier tuhe. 14 it * substance) perm • ■ ; — 7-: ration 
doesn’t function, none of the other at lower tempera trncs^pfi||g)flE| 
tubes will perform their required as against 2500° for n^*N|lf§§ 
task. Hence the need for a rectifier sten) which gives Iqqggf 

tube is clearly established, and is why Coated filaments operate a: about 

you need to study them in careful 800° C. The coating a .relatively 

detail. thick as compared to the A^pHES 

Radio tubes are identified and filament wire. The earth od%| 

known by numbers or by a combina- itvgs are usually* made from bAghrni, 

tion of numbers and letters. At pres- strontium and calcium. TW- 
ent, there is a definite system known type of filament used in a g ven tube 
as the R. M. A. (Radio Manufactur- design is control fed by requmfflpffi 
ers Association) tube code. You will of the tube, kngth of tuh^Be 
be given information on this code wanted, etc. T|| 
system later. For the present, we will To return to lie 81 type c: tube, 
merely give the identification num- if the plate which is sealed in the 
bers or letters and leave it to other same envelope with' the filament™ 
lessons to explain about tube types made posifive with respect to the filar 
in general. The first tube to be de- ment some electrons- w#l be attracted 
scribed is the type 81—a half wave to the plate and will fiotv over tS^f 
rectifier. from the filament,-through the spde$ 

This tube contains the same num- within the tube itself. As th? value of 
her of elements used for the early the plate voltage is increased; thl 
work on vacuum tubes; namely, the number of electrons flowing over tc 
filament and a plate which are sealed the plate will increase until such time 
in an exacuated chamber (envelope) as all of the electrons " being released 
and are insulated from each other—- from the filament surface are flowing 
that is, space exists between the two over to the plate. 
elements. The leads are brought to When this condition is reached, nc 
pins on the bottom of the insulating more electrons will be drawn over tc 
base which, in turn, is cemented to the plate regardless of how much thi 
the glass envelope as shown in Fig. 1. plate voltage in increased. The only 
The filament of the type 81 tube way the number of electrons can be 
operates at a voltage of 7.5 volts, increased, or the plate current as it h 
When this voltage is applied to the commonly called, is to increase the 
filament terminals, the current which number of electrons emitted from the 
flows through the filament circuit is filament surface. The only way this 
about 1.25 amperes. As this current can be easily accomplished is to raise 
flows through the filament (in this the temperature of the filament'. 
case the filament is the emitter) it Then, as the plate voltage is in- 
becomes heated and electrons are shot creased, the plate current will increase 
off from the surface of the filament again until all of the electrons being 
wire in all directions. liberated from the filament surface 

On the surface of the filament wire are again being drawn over to the 
there is a layer of metalic oxide which plate. The point at which this occurs 
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Trailed the saturation point. Figure 
6- is sealed to show the saturation 
point for the type 81 tube at three 
different filament voltages; namely, 
. 8 and 8.5 volts—note the rec¬ 
ommended operating filament volt- 
w for the tube is 7.5 volts. 

Types of Heater — Cathodes 

The type 81 tube is known as a 
filament or direct heater type of recti¬ 
fier, since the active electron material 
has been deposited directly on the 
surface of the filament. There is an¬ 
other type, of filament-cathode con¬ 
struction which is employed for recti¬ 
fiers and also for other types of tubes 
-—one in which the active electron 
emitting material is not deposited on 
the filament wire, but rather is de¬ 
posited on a metal sleeve, which sur¬ 
rounds the filament but does not 
touch it. This is known as the in¬ 
direct heater type of construction. 
The sleeve is heated by means of 
a separate filament wire which is ar¬ 
ranged in one of several different 
forms inside of the sleeve (cathode). 


The filament (or heater as it is often 
called),, is extremely well insulated 
from the sleeve, even at the operating 
temperature of the heater. Thus the 
two elements are entirely separated 
from each other. There are three 
forms jpf filaments generally em¬ 
ployed? the hairpin, folded and re¬ 
verse coil types. These are employed 
for various tubes, depending upon the 
particular design of the tubes. The 
three types of filament construction 
are illustrated in Figs. 7A, 7B and 
7C. 

The electron emitting surface, 
whether it be the filament, itself or 
the insulated sleeve, is called the cath¬ 
ode —meaning negatively charged. 
The plate is often called an anode — 
meaning positively charged. 

Figure 8 shows a drawing of the 
actual layout of the elements in a 
half wave rectifier tube such as the 
type 81. Figure 9 shows the details 
for a full wave rectifier tube such as 
the type 84. 

You will note that the only dif¬ 
ference between the two types of 
tubes is that one of them, the 84, has 
two plates and an indirect heater 
cathode element. The 81 has only 
one plate and a filament or a direct 
heater cathode. 

Half Wave Rectifier Tube 
Circuits 

An elementary A.C. power supply 
for a radio receiver in which a tube 
is used to change the A.C. to pulsat¬ 
ing D.C. will now be considered. 
Such a power supply is necessary be¬ 
cause the A.C. voltage from the 110 
volt supply line is not suitable for 
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operating a radio re¬ 
ceiver. If raw A. C. 
(direct from the 
power lines) were 
used to operate a re¬ 
ceiver, there would 
be a tremendous hum 
—no one would en¬ 
joy listening to the 
signal. 
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There is still another reason why 
a power supply is necessary. ITe 
A.C. power supply line itself provides 
voltage from about 110 to 125 volts. 
This voltage is not usually high 
enough to operate a receiver, since 
voltages up to 300 volts and more 
are required to operate the average 
-radio receiver. 


Therefore, a power transformer fc 
required which will step-up the volt¬ 
age to the required value. You will 
remember in your studies of magne¬ 
tism and inductance that an elemen¬ 
tary transformer was described, hav¬ 
ing two windings of wire on a suit¬ 
able form. You will recall, too, that 
with A.C. connected to one winding. 
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TT windings as explained further along 

in your course. 

a» stress | Figure 11 shows the elementary 

1 ;J circuit. It consists of a transformer 

having a 115 volt primary and two 
secondaries. The low voltage secon- 
TYPtf 8 f TUBE dary supplies 7.5 volts to the recti¬ 
fier filament, while the other secon¬ 
dary supplies a maximum of 500 
volts across the plate and ground as 
indicated by the letters A-B in Fig. 
11. While the ground connection is 
not essential to the operation of the 
circuit, it will greatly assist in a better 
understanding of its operation. The 
D.C. voltage at the ground connec¬ 
tion does not change, and is always 
zero. It is used here simply as a con¬ 
venient reference point. 

Some type of load circuit is needed 
so that the electron path may be com¬ 
pleted external to the tube. A load 
circuit is actually part of a rectifier 
circuit just as an electric lamp or 
transformer becomes part of the house 
wiring circuit when put into opera¬ 
tion. We have, therefore, symbolized 
the load as a resistance R, in Fig. 11. 
Normally this load in a radio receiver 


a woltage could be induced in the 
sedSfifd winding. 

Tfiis same principle is made use of 
m a power transformer for the power 
supply of a radio receiver. This trans¬ 
former consists of two or more wire 
windings on air iron core. Other 
lessons will give more details on 
transformers. The electrical symbol 
for this type of transformer is shown 
in Fig. 10. 

The A.C. voltage applied to the 
primary winding is constantly chang¬ 
ing. Therefore, the magnetic lines of 
it are constantly building up and re¬ 
ducing. This causes a voltage to be 
built up in the secondary winding, 
as was explained in your lessons on 
magnetism and inductance. 

Since the secondary winding Has 
many more turns than the primary 
winding, the voltage in the secondary 
circuit is considerably higher than the 
voltage in the primary circuit accord¬ 
ing to the law of turns ratio between 
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represents the other tubes which the 
rectifier supplies with D.C. voltage. 
We now have the three elements of 
a rectifier system, the supply voltage, 
the rectifier tube and the load cor¬ 
rectly wired so power will be dis¬ 
tributed properly. The filament 
winding is simply incidental to heat¬ 
ing of the filament. It does, however, 
act as a conducting circuit for the 
rectified current. 

When the primary is connected to 
the 115 volt A.C. power line, an 
A.C. voltage will be induced in both 
of the secondaries of the transformer. 
The filament secondary voltage, 7.5 
volts, simply serves to heat the fila¬ 
ment and needs no further considera¬ 
tion at this time. 

Point B of Fig. 11 is grounded 


(standard practice) and remains at 
zero voltage (with reference to 
D.C.). Points A and B of the high 
voltage winding will become positive 
and negative as the A.C. induced 
voltage in the secondary is developed. 
Starting from zero, let us see what 
happens to the A.C. wave form as 
terminal A becomes positive. The re¬ 
sults, showing conditions for half 
wave rectification are plotted in Fig. 
11 A. 

Starting at time TO on the base 
line at the left, note that all voltages 
and currents are zero. Now consider 
that terminal A (Fig. 11) starts to 
advance in the positive direction (up¬ 
ward) and remember it is connected 
to the plate of the tube. The solid 
line curve marked A in Fig. 11A 





ggtpof rectifier tubes as made by RCA. These tubes 
mI' Bstrally Used in t^nsmitters. Different sizes are 
used because ' of different power requirements. 


"'“Shows how the plate becomes in¬ 
creasingly positive as it builds up to 
500 volts. It becomes positive very 
rapidly, reaching a maximum of 500 
volts.at time Tl, or at the end of 
the fitst ifbarter of the cycle. The 
voltage scale at the left of Fig. 11A 
shows the plate to ground voltage 
fforn zero on up to 500 volts. 

Now as soon as the plate in Fig. 11 
rises above zero voltage it starts to 
draw electrons (current) from the 
filament or cathode. At the begin¬ 
ning of this cycle (TO) the cathode 
was also at zero voltage (average), 
as there was no voltage acting on it 
other than that used to heat it, which 
tor the present we may disregard. 

As soon as electrons are drawn 
away from the negative cathode by 
the positive plate it becomes more 
and more positive, the cathode hav¬ 
ing lost electrons becomes somewhat 
v positive itself. If the cathode could 
not be supplied with more electrons 
as it loses them, it would become 
just as positive as the plate, but the 
load resistor completes the cathode 
circuit to ground through which elec¬ 


trons can be drawn by the cathode 
fo replace those lost. 

It is important to remember at 
tlii&point that the load R in Fig. 11 
is in reality several tubes in a com¬ 
plete receiver. It can, however, be 
symbolized by a resistance R to sim¬ 
plify the-consideration. Actually, the 
several tubes may be considered as 
separate resistors through which the 
rectified current flows. You must re¬ 
member, too, that current leaves the 
rectifier at its plate, flows through 
the other tubes and returns back to 
the cathode of the rectifier tube. In 
other words, there must be a com¬ 
plete circuit before current may flow, 
because it is necessary for electrons to 
return to the cathode to replace those 
emitted by it inside the tube. 

The plate circuit of the rectifier 
(space within the tube between the 
cathode and plate) and the load R, 
are simply in series with a voltage 
impressed across them. The applied 
voltage rises, and the voltage across 
the tube (plate to cathode) and the 
voltage across R both rise accord¬ 
ingly. The sum of the tube voltage 
(plate to cathode) and the load volt¬ 
age (across R), of course, equals the 
applied voltage. However, the resist¬ 
ance to current flow within the tube 
is much less than the load resistance 
in practical circuits. In view of this, 
the effective D.C. voltage from plate 
to cathode (across the tube as a 
whole) is less than the voltage across 
R—the load. 

The dash line C- in Fig. 11A 
shows how the cathode voltage 
changes. With this information, let 
us see what the conditions are at the 
end of the first quarter of the cycle, 
or at time Tl. The plate voltage 
has now reached 500 volts, its max¬ 
imum or peak value. For this condi¬ 
tion, note the cathode voltage is at 
about 425 volts as estimated from 
the voltage scale at the left in Fig. 
11A. According to the scale of cur¬ 
rent in ma. at the right, the current 
(denoted by the shaded curve) is 



of coarse, is its 
shown by the curve. 

At this instant, since the total volt¬ 
age 500 volts and the total current 
is 120 ma., the total internal resist¬ 
ance of the tube's plate circuit and 
the load R would be equal to 500 
divided by .12 or 4167 ohms. £|ghw, 
if the plate is at 500 volts and the 
cathode at 425 volts, it is obvious 
that there are only 75 volts or 500 
minus 425 from plate to cathode 
at this instant. With only 75 volts 
from plate to cathode and a current 
of 120 ma., the internal plate resist¬ 
ance of the tube is 75 divided by .12 
or 625 ohms. The balance of the 
resistance is that of the load R or 
4167 minus 625 equals 3542 ohms. 
The voltage at the cathode (425) is. 
of course, the voltage impressed 
across R. In other words, there is a 
voltage drop across the tube of 75 
volts. 

The internal plate resistance of any 
high vacuum rectifier does not remain 
at one value bat varies to some ex¬ 
tent with the amount of current flow 
through it. Thus a radio tube does 
not follow ohms law. It is important 
to remember this principle. For ex¬ 
ample, the 81 plate resistance will 
increase as the current flow through 
it decreases. It will be around 1000 
ohms when carrying only a few milli- 
amperes of current and down to 
about 500 ohms when carrying more 
than 120 ma. 

During the second quarter cycle 
(time T1 to T3 in Fig. 11A) the 
plate voltage reduces as determined by 
the wave shape of the transformer 
induced voltage. Accordingly, the 
cathode voltage reduces and the plate 
current reduces. All of them reach 
zero at the same time (T3) at the 
end of the first half cycle. 

For the second half cycle, the in¬ 
duced voltage at point A in Fig. 11 
becomes negative as the polarity of 
the primary current of the trans¬ 
former is now changing. Although 


cycle) no curreat 
or ia R because dh 
at zero voltage, 
if is at minus 500 
pels electrons from 
. electron current is 
This is true also of 
cycle in which the 
five, is reducing 
zero volts. Thus we have 
tions for rectification, since 
can only pass through the 
one direction. 

The cathode voltage and 

current remain at zero during 
half cycle (T3 to T5) and 
is made of the high negative 
developed. In this case, 
of the transformer changes 
volts positive but th« effect 
because current cannot flow tb 
the tube in the reversi direction 
voltage may be compared to tl 
of an open wire or switch o 
which has been disconnected 
the circuit—the voltage is presei 
no current is drawn and no 
made of it. 

All of the other cycles are exactly 
like the one just described, and the 
current flow through R has the form 
shown in Fig. 11 A. It flows in inter¬ 
mittent pulses and has very little 
practical use in this form. The volt¬ 
age across the load indicated by the 
curve C in Fig. 11A is also in pulses 
separated by zones of no voltage at 
all, such as from T3 to T5 every 
half cycle. Half of the time no volt¬ 
age whatever is present, while during 
the balance of the time the voltage 
is changing from zero to +425 volts 
and back again to zero. 

For application to vacuum tube 
amplifier circuits this voltage is not 
the slightest bit better than applying 
A.C. voltage directly from the high 
voltage winding (Fig. 11) directly 
to the amplifier tube plate circuits. 




The ampltfi^can make no more use cycle conditions are very much the 

of rite negative half cycle than the same a» before for Fig^ 11 A. How- 

recti f ter and the rectifier could just ever, the current drawn by the load 

as Well be omitted if this was as far R this time is somewhat greater be^ 

as we could go in producing a satis- cause the condenser is part of the load , 

Icto^Em output. and its charging current (due to the 

What we desire from an A.C, condenser reactance) w * dd ?£ to 
power supply is a steady D.C. volt- drawn by the resistor solid 

age output (not an interrupted one arrows by the condenser leads in F g. 
as in Fig 11 A) or, at least, one as 12 indicate the direction of the charg- 
steadv as possible. ing current, while the dash arrows 

y 1X5 indicate the direction of the discljarg- 

Addhig a Condenser to the ing current as will be brought out 

Rectifier ^After the first quarter cycle note 

Next we will explain how the rec- in p; g . 1 2A that conditions of volt- 
tified current is made more smooth age an( j current are very different 
and suitable for operating other radio 

tubes. The object is to decrease the ||||( ,--, 

humps of the current curve in Fig. tg „ c —-1-r—--1 




from tb<^e showo in Fig. 11A except 
for the voltage at A which goes 
through exactly the same variation 
as in Fig. 11A. In the first quart® 
cycle in Fig. 12A from time TO to 
Tl the rectified current. Supplying 
load R and charging condenser C 
reaches a maximum and, as the con¬ 
denser reaches full charge, the current 
reduces somewhat at the end 
first quarter cycle at line Tl. At this 
time no more current is flowing into 
the condenser because the cathode 
voltage C has reached a maximum 
value and does not increase further 
to charge the condenser to a higher 
value of voltage. 

From the study of condensers you 
have learned that once charged, a 
Condenser tends to keep its charge. 
Since the condenser positive terminal 
in Fig. 12 is connected directly to 
the cathode, it will keep the cathode 
charged to the same value of voltage 
to which the 'condenser has been 
charged, due to the rise of voltage in 
the A.C. wave form. The dash line 
,C in Fig. 12A is, therefore, the con¬ 
denser voltage and the resistor volt¬ 
age as well as the cathode voltage, 
because these are all connected togeth¬ 
er. Because of the charge retained by 
the condenser, the cathode voltage 
does not drop to zero as it did in 
Fig-. 11A when the plate voltage of 
the rectifier reduced to zero but re¬ 
duces more gradually as indicated in 
Fig. 12A by the dash line C. 

The fact that this line is sloping 
downward shows that the condenser 
is discharging (current flows in the 
direction of the dash arrows in Fig. 
12) and this means that current is 
flowing out of its negative 
(grounded) plates and into its posi¬ 
tive plates. This discharging current 
of the condenser flows through the 
resistor R in Fig. 12 because this is 
the only path through which it can 
possibly flow. At about the middle 
of the second quarter cycle at time 
T2, note carefully at point X that 
the plate voltage A has reduced down 


to the 

voltage. What KM ' \ 

fMger flow. Arffcir.: X :r. Fig. 12A 
voltages A and C and at 

the sSme time (T2) tMf^gigur- 
rent drops to zero. From this time all 
the way to time T3, At beginning 
of the second cycle, Ccr.censer dis¬ 
charging current is - flowing through 
the resistor. Thus when the rectifier' , 
stops supplying current the condenser 
comes into action (due to prev'™ 1 ®* 4 ' 
being charged) and starts to . ^ 
the gap of the current wave fotja, 
is by this action that the conJuvgfjp* 
makes the current metre smoot£ thorn 
it was in Fig , HA- 

The dH%es in Fig. 12A ,a% ac- X 
curately scaled to' correspond t<|j| 
values of condenser C and resistor 
Thus, if the condenser is ong 
charged to 425 volts it will dischai 
to about 225 Volts fpoint Y) at ti 
T3. The current through R will4ike 
wise be about half what it is at i 
Tl. 

At time T3 of Fig. 1 2A, we 1 
another important action sttfjtoin 
The plate voltage has gone through 
its negative half cycle and is advanc¬ 
ing in the positive direction again 
(curve A). At time'T3 it reaches 
point Y, about 225 volts (left scale) 





ant in rising hecomSs equ&l to the 
condenservyoltage. It soon exceeds the- 
voitagTat the cathode which is main-' 
tained bf%fhe condenser and again 
starts to charge the' condenser to a 
higher vaiSe and so supply the lead 
resistor. Then at time T4, the same 
conditions at TI takes place; name. 
*y, the tomdenser reached full charge 
and draws ho more current, the 
^cathodeand plate voltages reach max- 
. imum. and the rectified current starts 
to drop below that of the condenser 
discharge current. 

^Summing up these conditions, we 
ffnd in Fig. 12 that the average volt¬ 
age across R is somewhat greater than 
for Fig. l j, and that there is always 
a voltage actios R and a current 
through it. This advantage has been 
gaihed through the use of condenser 
C in Fig., 12. The current is still a 
long way -from pure D.C., as the 
letter would be indicated by a 
straight line,. Compare the improve¬ 
ment of the rectified current in Fig. 

12 JK over that shown in Fig. 11 A. 

Pull Wave Rectification 

Obviously, for further improve¬ 
ment, the next thing to do is to take 
.advantage of the other half cycle 
which is not used in a half wave rec- 
tifier system. To accomplish this all 
we have to do is to set up another 
transformer and rectifier exactly like 
the one in Fig. 12 and connect its 
high voltage winding so that when 
the plate terminal A of the first trans¬ 
former becomes negative, the plate 
terminal of the new winding will be 
as much positive. These connections 
are shown in Fig. 13. The second 
plate terminal is marked D. The 
transformers are identical except that 
the high voltage winding on trans¬ 
former T2,is connected just the op¬ 
posite to that on Tl. The upper end 
B of the high voltage winding B-D 
on T2-is connected to ground while 
the lower end D is connected to the 
plate of the second 81 tube marked 
V2. Because of this connection, as 
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terminal A becomes negative, termi¬ 
nal D will become as much positive 
as the cycle changes. Of course, while 
A is positive (first half cycle) D will 
naturally be negative. Now during 
the time that A is negative (second 
half cycle) D will be supplying the 
condenser and resistor exactly as A 
did. 

Note that since terminals B of both 
windings are connected to a common 
point -windings A-B and B-D may 
as well be one single winding with a 
tap at B. Also since C of both fila¬ 
ment windings are connected to a 
common circuit, a single filament 
winding with larger wire (same 
number of turns) may be used to 
supply both tubes VI and V2. In¬ 
stead of having two primaries, more¬ 
over, only one primary winding us¬ 
ing larger wire may be used to supply 
voltage or power to all of the sec¬ 
ondaries. The result of all of these 
changes is shown in Fig. 14. This 
provides a small compact full wave 
rectifier circuit. Half of winding A-D 
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t quarter eyrie - fT*0 to- 
5A_ the action is idemi- 
fj|(g. 1 2k. for the half 
. , a&ept th$t while pfesr 

A becon#^;positive,Sj^ate- D becomes 

* equally negative. The cathode be¬ 
comes positive with plated bedtuse 
rent can flow, to this plate while' 
e D-St a negative pdW^lu no 
influence whatever on the voltage of 
" ejrathode. No current flows in the 
Half of the high voltage sec¬ 
ondary during this halfcpde-— Fig. 
'5 '. At the endvof the first quarter 
Pfcat time -Tt- 'ffg. 15A) the 
Opiate connected to A is at +500 volts 
while D is at minus 500 volts and 
hence the. tot at Voltage between A and 
J^M. IOOO voits^ 

The>cohderiser is charged as usual, 
tne current flowing through the load. 
4f€oweveiv for the next half cycle 
terminal D, and the plate to which 
it is connected becomes positive while 
A becomes negative. The conditions 
at Dagre th+same those at the 
suit of the second cycle of Fig. 12A 
except, thaf the condenser has not had 
time tq discharge as much as before. 
Hence the condenser voltage is kept at 
a higher average value. Since the con- 
- denser maintains a higher average 
Voltage than in Fig. 12, when the 
next charging voltage is applied, the 
voltage at the plate for each half 
cycle must exceed this higher value 
before current may flow in the recti¬ 
fier because for a charged condenser 
to take a higher charge the voltage 
applied to it must increase. 

A line marked average voltage of 
C in Fig. 15A (left portion of fig¬ 
ure) for normal load conditions indi¬ 
cate that this value is around 350 
Vplts while in Fig. 12A it would be 
only a little over 300 volts. Also the 
average current flow as shown in Fig. 

15A is above 1Q0 ma. (at the left) 
while it would be somewhat lower 
in Fig. 12A. Note that one scale is 
now used to estimate both volts and 
current in milliamperes in Fig. 15A. 


The Effect of Changing- the 
Load Resistance 

Now suppose instead of using 
3%f2 ohms for R in Fig. 15, we use 
3 Or 4 times this value. For example, 
■suppose we use 10,000 ohms instead 
of 3542 ohms. The current flow at 
the same voltage will be about one- 
third of what it is when using the 
3542 ohm resistor. The current flow 
in each plate circuit of the rectifier 
under this condition will be corre¬ 
spondingly reduced and the internal 
rectifier plate resistance being now a 
much smaller part of the total re¬ 
sistance it will have a correspondingly 
smaller voltage across it. To clarify 
this see Fig. 15B. 

With a total peak value of 500 
volts across a combined resistance VI 
of the tube and Rl of the load of 
625 ohms for VI and 3542 ohms for 
R1 (total of 3542+625=4167), 
there will be a peak current of 
500/4167 or .12 amp. (120 ma.). 
Now if R is increased to 10,000 
ohms shown as R2 of Fig. 15B with 
the resistance of the' tube increasing 
to 800 ohms at this lower 'current 
value, the total resistance of V2 and 
R2 will now be IQ,000+800 or 
10,800 ohms. 1 At 500 volts, there 
will be a current of 500/10,800 or 
.0463 amp. or 46.3 ma. Now the 
voltage across R will be 10.000X 
.0463 amp. or 463 volts, while that 
across the rectifier will be 800X.0463 
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; or 37, volts. TpiSt JfrtheioadTesist- 

.-ance is increased (decrease the load 
current) the output or condenser 
voltage rises from 425 volts to 465 
volts. This effect is shown to tfll 
/right of time T3 in Fig. ..HA-— 1 de¬ 
noted by the straight dash line _ior 
condenser C where you will no^e it 
has a higher average value. T he wer- 
age voltage is thus increased 
350 to about 455 volts and the cur¬ 
rent. while much less, is more nearly 
-uniform. This is because the conden¬ 
ser discharges somewhat less rapidly 
through the higher resistance load, 
and hence requires much less addi¬ 
tional voltage charge every half cycle 
to maintain its average voltage. The 
more current drawn from this circuit 
the greater the percentage of voltage 
and current variation as clearly ob¬ 
vious from the foregoing and from 
the contrast in the two sections (right 
-and left) of Fig. 15A. One more 
thing to note is that for the smaller 
load resistor (higher load current), 
the internal tube voltage drop( volt¬ 
age between cathode and plate while 
current is flowing) is higher than 
for the larger resistance. It is approxi¬ 
mately 75 volts for the 3542 ohm 
resistor and only 37 volts for the 
10,000 ohm load resistor. These are, 
of course, the maximum voltage val¬ 
ues and they are less at all other 
points in each cycle than at peak 
voltage. From this it should be clear 
that the higher the external load re¬ 
sistance the more voltage there will 
be available for the operation of other 
tubes in a radio set. Thus the less 
voltage drop across a rectifier tube 
(really wasted) the more efficient it 
becomes. 

This type of rectifier cannot easily 
adapt itself to compensate for sudden 
changes of load current nor will it 
regulate itself to maintain the load or 
output voltage constant for different 
load currents. Hence it is said to have 
poor regulation. The degree of adap¬ 
tation to various loads is not strictly 
a fault of the rectifier tube for, as 


greatly to maintain Voltage across i| 
Iqad. .Regulation. is u charasf " 
of the entire, power supply sj 
theyjju^f only cottCrifeeting * ' 1 “ 


The Addition of an Iron < 


The current in ehMr- section 
Fig. 15A is still not as sfeady or; 


pure D.G. as would be needed for% 
operation'of the average A'.C. receive 
As various complete filter sy|§ 
will be described later o ; n, 
show only the. fundamentado. 
of the filter cir 5 ui^in,|his lesson.^.:(|g 


If the cap^citf condenser in 

Fig. 15 is i ncreased , it wonl dffi 
longer to-=ei«lir§f^hd would dischai 
more slowly. In this way, the oui 
voltage of the rectifier (across 
would tend to % more -copstaqt. 
However, before the proper constancy 
of current flow and storage output 
can be maintained the capacity value 
of the condenser would have to 1 
increased out of reason. A^hen a ji , 
core choke (large amount of in 
ductance) is included with condensers 
in a rectifier circuit, the combination 
of these two units is called a filter 
because the action of them is to filter 
out or remove the current variations. 

The property of an iron-core 
choke coil to tend to prevent any 
change in current flow through it is 
used widely in the usual filter circuit 
so that condenser values will remain 
practical, and in addition the choke, 
plays a desirable part in the filter 
action. It is wired in series with the 
load resistor either in the positive or 
negative lead to the load. Refer to 
Fig. 16. It shows a choke coil in the 
positive connection to the load with 
an additional condenser besides the 
one used in the other circuits. This is 
by far the most common type of 
rectifier and filter circuit used in radio 
receivers. 

Note that Fig. 16 shows the actual 
circuit with the direction of current 
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in each part of the circuit and 
operating voltage and current 
conditions are shown graphically be- 
' low the diagram. 

You have studied thus far the op¬ 
eration of a similar circuit up to and 
including condenser Cl, and hence 
we may start from this point. From 
Fig. 15A you can readily estimate 
that since the maximum rectified 
voltage is about 425 volts (curve C 
at time Tl) and the minimum about 
300 volts (curve C at time T2), the 
total voltage change is 425—300 or 
2 

62.5 volts approximately. This is 
quite a large portion of the average 
of 350 volts; in fact, it is 100X 
62.5/350 or almost 18 % of the aver¬ 
age. This difference between the max¬ 
imum and the minimum voltage 
(62.5 volts in this case) is called the 
ripple voltage or, in some cases, the 
AC. component. This condition 


f/g. re 

would be referred to as 18% ripple. 

Referring again to Fig. 16, you 
will find that in order to discharge 
condenser C1, called the first or input 
filter condenser, it must draw current 
through the choke coil in the direc¬ 
tion of the solid arrows. The con¬ 
denser discharging current is indicated 
with dotted arrows. The condenser 
has no difficulty charging because the 
choke does not influence its charging 
rate, as it is not in series with this 
first condenser (Cl) and the rectifier 
tube. 

Any tendency for Cl to discharge 
will, of course, tend to increase the 
current through the choke L. When 
the voltage of Cl is maximum, the 
current through L tends to reduce 
and thus build up magnetism in it. 
Hence when the voltage across Cl 
tends to reduce, the energy in L is 
converted into voltage and it can 
maintain the voltage of Cl without 
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drawing an appreciable coreent from 
- condenser C2 or load R. Thus the 
choke helps to fill in the uneven gaps 
. of the current. 


After the rectifier has operated for 
several cycles, the voltage of C2 
(called the output filter condenser) 
rises to a high value, but because of 
the resistance of the coil L the voltage 
of C 2 can never equal that of Cl.*ns 
long as there is a load R attached, 
there will be some direct current flow 
through L and the voltage at its right 
terminal. Fig. 16, will be lower than 
that at its left. 


Whereas the voltage across Cl may 
change as much as 18%, that across 
C2 cannot change more than 1 to 
3 % on the average. As you have seen 
in connection with Fig. 15A, the 
18% voltage change across the filter 
input condenser occurred at full load. 
At a much lower load indicated at the 
right-hand section of Fig. 15A you 
will note that the maximum voltage 
is about 463 volts, while the mini¬ 
mum is around 445 volts, making a 
total voltage of 463—445 or 9 volts. 

2 

The average would be about 455 
volts of which 9 volts forms only 
100X9/445 or about 1.97% ripple 
voltage. 

It should be very obvious from 
this that the ripple voltage (repro¬ 
duced as hum in a receiver) depends 
to a very large extent on the value of 
the load current as well as on the type 
of filter. If the power unit circuit of 
Fig. 16 is loaded to maximum cur¬ 
rent, the ripple voltage across Cl 
would be 18%. With the choke coil 
in the circuit, the ripple across C2 
will rarely exceed 1 or 2 % at maxi¬ 
mum load, due to the self regulating 
action of the choke L. At less than 
full load, the ripple voltage is, of 
course, very much less just as for the 
single condenser action. The ripple 
voltage across C2 is always a very 
nearly fixed percentage of the ripple 
across Cl. For average values of L, 


it would i* 2 If if 

high as 5% of that across Cl wl 
the latter is only 1.97 % of th|rD_, 
voltage produced, the output ripple 
voltage would be around - 1 /J» of *** 
of 1 % and the actual ripple voltage 
would be less than >4 volt. Th» is 
entirely satisfactory for apparent hum 
free receivers-and public address am¬ 
plifiers and is the way* we get a satis¬ 
factory D.C. from an A.C. potiPl^ *- 
line. 

The graph part of Fig. 16 shpwsv 
the voltage and current conditions 
for the entire circuit. All ..conditions 
are represented on the same scale, of 
voltage, and this scale is used as well#;:; 
for current in milliamperes. 

In this way, the relatives vah*»jte* ! 
of current stffif Voltage at various^ 
places in the circuit may be directly 5 
compared. 1 

The following should be ,noted ,L ..l 
from the graph: The rectifier fila- |M|l 
ment current is 4 times- as large (but Tl 
at reduced voltage) as the primary . 
line current, the secondary high volt- * 
age (but with reduced current) is a 
little over 3 times as great as the pri- " 
mary voltage and the rectified output 
current (110 ma.) is only a little 
over 1/5 of the transformer primary 
current. The rectifier filament volt¬ 
age on this voltage scale is just visible 
at 5 volts R. M. S. Although we 
have both high voltage and high cur¬ 
rent in the secondaries of the power 
transformer note where voltage is 
high, current is low and vice versa. 

The transformer cannot increase 
power but it can increase or decrease 
voltage or current. Other lessons will 
take this up in more detail. 

Note in Fig. 16 how the ripple 
voltage actually tapers off as the ac¬ 
tion progresses through the choke' 
coil. As a result, the current from 
the negative of Cl to the negative 
end of resistor R is essentially con¬ 
stant. 

Very often the choke is placed in 
the negative power supply lead as 
in Fig. 17. For this wiring, the effect 
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I'ft and 

i£tly the 
in series 


with the load as before, and as such. ‘| , g, * T L 

“it affect/ the cuirelt£ in everfjmnt ——=■— J -zH_ 

of the Whereas in Fif. !betbe jjljit J + 

current leases the load by way dt the H P — 

ixhake, it enters the load By way of ° c/q *o 

the eholSte in Fig. 17. Since tbe choke 

jsL Will acee&only reasonably steady have explained them for the other cir- 
' current in Fig. 1*6, current will be cuits. This is a simplified graph and 
drawn through the load in a reason- there are only a few important things 

gaMy continuous form. You might to notice about it. First, the cathode 

Jhink that since'there is no choke be- voltage rises somewhat higher than 
tween points load R in Fig. for the condenser filter input; second, 

16, that the current can enter R with current through the load is continu- 
great variafcio&^^Hoijfever, remember ous; and third, the cathode is actually 
that the pdsrrtve side of the circuit carried below ground voltage or made 
• determines how d^xurrent may enter negative for short intervals of time, 
from the ne^ti^^K fc; because if the During these last mentioned intervals, 
positive side is opened, the current rectification may continue because of 
will most surely cease in the negative a short instant the plate, though neg- 
side of the circuit. Hence, if current ative, is less negative than the cathode 
bis drawn by Selecting its most steady up to apploximately time T1. At this 
portions from the positrvec$gi$ of the point, the rectified plate current^ re- 
lo&4«* we ”ca^®t ayoid a mdfe con- duces. The energy placed as magne- 
sjant current entenHgf the negative tism in the inductance during the 
tMT&ad So, as far as the former part of the cycle now comes 
£ipp&> yoltage across the load is con- into action and supplies, current for 
iKarped. it makes no difference what- the circuit. 

ever whether the choke L is in the The average output voltage across 
positive or negative lead of the filter the condenser at the output of this 
Circuit. filter. Fig. 18A, is considerably lower 

The largest economical sizes of ca- than for the condenser input filter as 
' pacity and inductance are used in this in Fig. 15A. For an average choke 
type of filter (Fig. 16) and current coil, the output voltage will be 25 
is sitriply forced through the filter by or 35% lower than for a condenser 
the application of a high voltage. To filter input, using a fairly large con- 
distinguish this filter from one which denser. 

would take advantage of conditions r hfir „ r tp ri stirs of Rectifier 
of resonance at certain frequencies of Characterises ol Rectifier 

the line supply, this filter is called a 

brute-force filter. You are ready now to inspect the 

Although you will rarely ever find characteristics of the 80 type tube 
this filter used without the input graphically. This same general pic- 
filter condenser—that is, Cl in Fig. ture will also hold true for other type 
16, it is sometimes used in this way, full wave rectifiers. Figures 19 and 
and you should know what type of • 20 show the important characteristics 
operation to expect. The circuit of in which you will be interested. Fig- 
Fig. 18 shows the* rectifier and filter ure 19 shows the average amounts of 
with one condenser omitted. Figure load current drawn from the power 
18A shows the manner in which the supply. Values are given in both 
voltages and currents-change as we graphs (Figs. 19 and 20) for a num- 
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ber of applied voltages from plate to 
ground. Let us see what happens at 
400 volts applied from each plate to 
ground. If 40 ma. is drawn from a 
circuit, such as Fig. 18, the voltage 
from C to ground will average 320 
volts as read from Fig. 19. Note that 
the vertical line marked 40 ma. crosses 
the horizontal line marked 320 volts 
at 400 A.C. volts applied from plate 
to ground. 

80 Cf/O/CE F/LTE/? INPUT 


For the same load con ditions, using 
a condenser input to”the filter (as in 
Figs. 16 and 17), note from Fig.^20 
that the voltage at the filter inffttt 
will be about 465 volts. For these! 
two conditions note that 3 2D vofits 
is less than 69% of 465 volts. Thus 
the filter with the condenser input 
gives about 31% more output volt¬ 
age. When you consider that the ap¬ 
plied voltage of 400 volts is the R. 
M. S. value and that the peak value 
would be 400X1.414 or almost 566 
volts, you will realize that the maxi¬ 
mum internal tube voltage drop for 
this last case is about 566—465 or 
101 volts. 

Although the information for Fig, 
19 would seem to indicate that the 
internal tube voltage drop is much 
greater than for Fig. 20, this is not 
the case because the cathode voltage 
is very irregular for the choke coil 
input as indicated in Fig. 18A. While 
the average cathode voltage is 320 
volts, at no time is the cathode as 
much as 100 volts more negative than 
either of the rectifier plates. 


D.C. LOAD■ 







Voi$£ige Doubling Rectifier 
A voltage doubling rectifier is one 
■which does not use a power trans¬ 
forcer. The D.C. output of such a 
rectifies can be ec« aj( to twice the 
pgak y alu e of the aIu input. The 
mo<if-cofrifiiSnly used voltage dou- 
,, ding rectifier is shown in Fig. 21. A 
type 25Z5 tube is used. In effect, this 
type of rectifier is two half wave rec¬ 
tifiers with the D.C. output in series. 
Its operation is graphically repre¬ 
sented in Fig. 21 A. Curve A of Fig. 
21A shoWs how the A.C. input volt¬ 
age changes’ in polarity in accordance 
with the 115 volt A.C. line input. 
It rises to a positive peak of 162 volts 
approximately (11 5'X 1.414) and re¬ 
turns to zero and then rises to minus 
162 volts. To return to the rectifier 
circuit when point A of Fig. 21 be¬ 
comes positive, it, of course, makes 
the plate and cathode to which it is 
-connected positive. Accordingly, cath¬ 
ode D (the one through which cur¬ 
rent can flow when A is positive) 
rises in the positive direction as cur¬ 
rent is drawn to charge condenser 
Cl. The manner in which this cath¬ 
ode voltage rises in the positive direc¬ 
tion is indicated by the dash curve D 
in Fig. 21 A. At the peak of'the first 


quarter cycle (time iFffi the con- 
denser Cl is at full charge (highest 
.peak voltage value it can attain) and 
jp yoltagfc, remains relatively high, 
depending on the load resistance of , 
%R. -Because the A.C. voltage starts to 
decrease, condenser Cl now slowly 
discharges through condenser C2 and 
load’ R. Note here that Cl and C2 
are in series with the positive of C2 
connected to the negative of Cl. 
These condensers are of the electro¬ 
lytic type and their effective capacity , 

. across B and D is one half the value 
of one condenser. At the end of the 
first half cycle of the A.C. voltage, 
(T2), point A of Fig. 21 starts to 
become negative. It, of course, makes , 
the cathode (E) connected to it neg¬ 
ative. The plate connected to A is 
already very much more negative than 
cathode D, and no further current 
may flow between plate A and cath¬ 
ode D because of the reverse polarity. 
Now when cathode E is made nega¬ 
tive due to the reverse of the A.C; 
cycle, plate B will draw current from 
it. It is connected to C2. With no 
charge in C2, plate B will be at 
ground potential. When rectification 
is started for the second half of the 
cycle, charging current starts for C2 
and a voltage will be built up across 
it. Plate B will assume the polarity of 
this voltage just as cathode D as- . 
sumed the voltage of Cl. 

Cathode T> rises to a positive aver¬ 
age value, of about +130 volts at a 
reasonable load Value, while plate B 
.rises to minus 130 volts under identi¬ 
cal conditions. Hence the voltage be¬ 
tween B and D or across the load R 
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|* S , added to The voltage regulation is very ex¬ 

age across each filaasat: For example. cellent when pA is used and the 
suppose a 25Z5 wctifier (25 volt tube drop is only 8 volts when the 
filament), a 25Lfi power tube *{2% loaf current is' 100 ma. Fr6m:>min- 
volt filament), a6C6 (6.3 volt fila- imum of 10 ma. to a jin ri'imiHMif ^ 
ment) and a 6Dc (6.3 volt fib- 4 100 ma., the voltage at the filter 
ment) tube are usd in a receiver. The fcput drops only 6 volts 
■total voltage required to operate these 

'filaments in aeries will simply be I*ower Dissipation of Series 
their sum ar.i the same amount of Filament Resistors 

lament!’ The P ower d ^« d ^ the fe- 

S ? l r 6 \\ t 6 3 T sistor R1 ® Fig- 22 iWmpIetdat 

fine 6 voltage DC M S for DC°! Wast * d and attempts have been mad# 

|resistance R1 would'be'ieeded which a/m? °loluTd TaXre 

T°5 Uld 62T 0 r a 524° ,ta f t 

tl l 2A VO r lt WOuld watts * This amdblrtt of-power is com- ^ 

fejf ^2VtZte he ° th 7r L SSd-«5S5. 

r F 'f 22 ’ under the c °nditions. dition, out of a tota 4 power of 34 5^" 
1 he filaments are not electrically watts (18.78 necessary watts- for fit* ^ 
.‘•connected to any of the cathodes of ament heating) the -.efficiency is 
the tubes in the receiver and their 100X18.78/34.5 or 54.?%.' „ 

(voltages do not affect those applied One of the first things* done about,. i * 
t° the plates of the other tubes. For this extra series resistance Was to get 
A.C., there is an alternating current it out of the radio cabinet where it 
flow through the filament circuit, simply produced excessive waste^heat.' 

For D.C., there is a direct current This took the form of a resistance m 
flow through the filaments. Either wire placed in the power line cord, 
form of current will provide proper where it might be spread over a large 
heating energy for the filaments. The area. Its temperature could then be 
filament circuit will operate for either considerably lower than usual yet it 
polarity of the line, but the plate cir- would still radiate 15.72 watts. This 
cuit of the rectifier tube will not. figure of 15.72 watts applies only to 
When power from a D.C. line is the case just outlined. The principle 
applied to the rectifier tube a direct remains the same, however, for other 
current flows from cathode to plate tube values. Connections are made as 
through the tube. In other words, its in Fig. 23, and the line cord with the 
.plate circuit simply acts like any other additional resistance wire (Rl) is 
resistance. often called a cordohm. This does 
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t solve the ef fjcienc v 'fftoblem hut 
?s solve the problem o£*xcess heat 
the receiver cabinet 

problem <tf efficiency has been 
ited by using tubes <rith higher 
fl&iient valtsges and less filament 
current. For use in AC-DC, sets, 
•many such tubes Jbave fi lament volt¬ 
ages of 12. on up 

f<n 17 volts. Tubes are designed for 
•; particular circiM conditions. A com¬ 
bination of receiving and rectifying 
stt%s foif lN$D<C. operation has a 
total rate4 voltage of from 11 5 to 
125 volts. For this reason, the 
3§£5GT and other higher voltage 
rated tubes are now more common 
than the lower voltage types. 

W^fea^e A.C. power line switch 
, is turned on for Fig. 22 or Fig. 23, 
Shere is a tendency for the rectifier 
tube to draw a very high current in 
charging the input filter condenser. 
Toward the crest of every positive 
half cycle the current through the 
tube becomes very large. This is 
clearly illustrated by the peaks of 
current in Fig. 12A. This large cur¬ 
rent flow has been found to be very 
harmful to the tube. It has been over¬ 
come through the use of a small re¬ 
sistance R2 (15 to 100 ohms) in 
series with the rectifier plates as 
shown in Fig. 24. At B of this fig¬ 
ure a separate resistor is used for each 
plate. While this slightly reduces the 
maximum current which can be 
drawn from the rectifier, it greatly 
reduces the rectifier peak current and 
thus lengthens the tube life. The use 
of two resistors forces'the two recti- 
- fier sections to share more evenly the 


total rectified current in addition to 
limiting the total current. 

Use is even made of this resistance 
by arranging the circuit for a pilot 
light ( for the tuning dial) to be used 
in its place. The arrangement is 
shbwn in Fig. 25 where a low volt¬ 
age section of the filament (in this 
case, the filament has three terminals) 
is placed across the pilot light and 
the plate or plates are connected to 
a terminal which is connected be¬ 
tween the two filament sections. 
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In many of the earlier AC-DC 
sets, the speaker field coil was sup¬ 
plied with current from one rectifier 
section, while the radio set itself was 
supplied from the other rectifier sec¬ 
tion of a double diode tube. This, 
of course, was done when the field 
coil of the speaker was of the high 
voltage type requiring from 80 to 
100 volts across it for operation. 

Your next lesson will continue the 
description of rectifier circuits and 
tube standards. Before referring to it, 
however, turn to the questions of this 
lesson and answer them-—restudy 
the lesson dealing with the principles 
involved, if you have any difficulty 
with the questions. This lesson is 
most important so make sure you are 
satisfied with your understanding of 
it before passing on to the next one. 





questions a* 
over first to 


If you 


the lesson one or more times before 
answer every question, for if you fail to 
your grade on this lesson. When all%«*stions 
mail them te ns for grading. 


QUESTIONS 

three basic types of 

a. D.C. viewpoint, at what time 
(See Fig. 11A.) 

1. In Fig. 12, why does current through R 

the rectifier plate is at a zero or negative voltage? 

1. In Fig. 12A, why does the rectifier current stop before the 
positive half cycle long before the plate voltage becomes zero? 

'• In wh at way is the voltage output of a high vacuum rectifier 
fluenced by the current drawn by the load? 

!. If a power transformer secondary is rated at 325 volts (R.M.S.) 
side of the centertap, what would be its PEAK VOLTAGE each side 
the centertap? 

. Is an iron core filter choke coil equally as effective in the 
rectifier output lead as in the positive lead? 

. Is more output voltage obtained from a filter with a condenser 
one with a choke input? 

. What is the maximum D.C. voltage that may be expected at the 
of a voltage doubling rectifier circuit? 

. Does the cathode (or filament) of a rectifier tube 
both types of current? 






